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A Kinetic Study of the Photolysis of 
Tris(2,4-pentanedionato )cobalt(III) and 
Bis(2,4-pentanedionato )cobalt(II) in Chloroform 
SON L. PHAN, KEITH J. CENDAK and PATRICK E. HOGGARD* 
Department of Chemistry, Santa Clara University, Santa Clara, CA 95053, USA 
(Received 17 January 2001; Revised 3 July 2001) 
Under 254nm irradiation in chloroform, Co(acach 
(Hacac = 2,4-pentanedione) is converted to Co(acac)z 
and then to CoC12• The metal complex is the primary 
photoactive species in the photoreduction of 
Co(acac)s, but the photosubstitution of Co(acach 
appears to occur primarily through absorption of 
light by the solvent, followed by a chain reaction in 
which chlorine atoms displace pentanedionyl rad-
icals. The photosubstitution rate law is complex, and 
the apparent quantum yield (based on total light 
absorbed) varies with incident light intensity and 
Co(acach concentration, reaching values as high as 16 
under the conditions of this study. Referred only to 
the light absorbed by CH03, the highest quantum 
yield measured was 150. An observed partial inverse 
dependence of the photosubstitution rate on the 
initial concentration of Co(acach is explained in 
terms of a mechanism in which the pentanedione 
product competes with Co(acac)z for an intermediate. 
Keywords: Photoreduction; Photochemistry; Tris(pentanedio-
nato )cobalt; Bis(pentanedionato )cobalt; Chloroform 
INTRODUCTION 
Filipescu and Way investigated the photolysis of 
Co(acach, Hacac 2, 4-pentanedione, in a var-
iety of solvents [1 ]. The reaction yielded Co(acac)z 
and several products resulting from the acetyla-
cetonyl radical released in the process, notably 
biacetyl and acetic acid [1]. The quantum yield 
increased with decreasing irradiation wave-
length, and was about 0.5 for 265 run irradiation 
in diethyl ether [1]. Flash photolysis of Co(tfa)z, 
tfa = 1, 1, 1-trifluoro-2, 4-pentanedione, has 
identified an intermediate that appears to involve 
a pentanedione carbon-bonded to cobalt(II) [2]. 
Filipescu and Way did not report the reaction 
in a halogenated solvent. Recent studies have 
found that photochemical reactions of metal 
complexes in such solvents may occur by a 
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solvent-initiated pathway, in which the solvent is 
the photoactive species [3-6]. Radicals formed 
after light absorption can then react thermally 
with the metal complex, yielding products that 
are often indistinguishable from those expected 
for "normal" photoreactions, in which the metal 
complex is the photoactive species. The primary 
means we have used to distinguish the two types 
of pathway is through the kinetic dependence of 
the rate on the fraction of light absorbed, which 
must be either the light absorbed by the reactant 
metal complex, fR,or the light absorbed by the 
solvent,Js. These can be expressed in terms of the 
concentrations of reactant and product as [7]. 
/R= {1 10-(S!<[RJ+sp[PJ+As)} BR[R] (1) BR.[R] + ep[P] + As 
f s = {1 - 10-(BR[RJ+ep[PJ+As)} As (2) 
BR[R] + ep[P] + As 
where P is the product, and BR, e17 and As are the 
extinction coefficients of the reactant and 
product, and the absorbance of the solvent 
(0.081), all at the irradiation wavelength. 
The rate of an elementary photochemical 
process is proportional to fxlo, where /0 is the 
incident light intensity and f x is the fraction of 
light absorbed by the photoactive species. 
Determining the rate behavior as a function of 
concentration can often reveal whether X is the 
reactant (metal complex) or the solvent, but 
caution is necessary, because some functional 
relationships are consistent with either assign-
ment. For example, a dependence on JR is 
indistinguishable from a dependence on fs[R ], 
TABLE I Extinction coefficients (M-1 cm-1 xl0-3) for 
species found in the photolysis of Co(acach in CHCl3. 
CoC12 was dissolved in 80% CHC13/20% CH3CN 
A (nm) Co(acac)J Co(acac)z Hacac CoCl2 
328 7.34±0.17 1.86±0.09 -o 0.07 
292 11.02±0.26 15.91±0.67 3.40±0.18 0.20±0.02 
275 17.32±0.50 12.57±0.33 6.68±0.35 0.97±0.09 
254 21.4±3.2 6.85±0.20 3.35±0.17 1.67±0.13 
the fraction of light absorbed by the solvent times 
the concentration of the metal complex [7]. A 
redox process originating in a charge-transfer-to-
solvent band is kinetically indistinguishable 
from a process originating within the metal 
complex excited state manifold, and will depend 
onfR• 
We have examined the photolysis of Co(acach 
in chloroform under 254nm irradiation for 
evidence of solvent-initiated photochemical 
behavior. Because the product, Co(acac)z also 
reacts under these conditions, we have examined 
its behavior as well. 
EXPERIMENTAL 
Co(acach, Co(acac)z, and CHC13 were obtained 
from Aldrich Chemical Co. and were used as 
received. Chloroform was HPLC grade, stabil-
ized with ethanol. Co(acac)z is very hygroscopic. 
Any delay in preparing chloroform solutions 
after removing Co(acac)z from the desiccator led 
to a rapid thermal reaction. Photolyses were 
carried out by pipetting 3.0 ml samples into 
quartz cuvettes and irradiating at 254nm with a 
100 W mercury lamp in an Oriel Q housing, the 
light from which was passed through an Oriel 
0.125mm monochromator. At specified intervals, 
samples were removed from the beam and 
electronic spectra were measured on a Hewlett 
Packard Model 8453 diode array spectrometer. 
The concentrations of Co(acach, Co(acach, 
and Hacac in CHCh were determined from the 
extinction coefficients at 328, 292, and 275nm, 
corresponding to peaks for Co(acach, Co(acac)z, 
and Hacac, respectively. The extinction coeffi-
cients were determined from Beer's Law plots, 
and are given in Table I. Because of low solubility 
in chloroform, the extinction coefficients for 
CoC}z were determined in 80% CHCls/20% 
CH3CN solutions. Light intensities were deter-
mined in triplicate by ferrioxalate actinometry. 
Initial rates of reaction were determined by 
fitting the change in the concentration of reactant 
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with time to a straight line during approximately 
the first 5% of the reaction. Instantaneous rates 
during photolysis were approximated as 
~[R ]/ ~t for small time intervals. 
RESULTS 
Photolysis of [Co(acac)s] 
Figure 1 presents sequential spectra from the 
photolysis of Co(acach in CHCI3. The isosbestic 
points at 277 and 288 nm were eventually lost as 
the initial product began to react further. Titls 
secondary reaction occurred thermally, but was 
more rapid photochemically. A spectrum of the 
initial product was obtained by a computer fit to 
a series of sequential spectra while the isosbestic 
points were still intact, under the constraint that 
the total cobalt concentration be constant. The 
spectrum matched that of equal parts Co(acach 
and Hacac very closely, and the sequential 
spectra of irradiated solutions near the beginning 
of the reaction were well reproduced as linear 
combinations of the spectra of Co(acac)i + Hacac 
and Co(acach- Spectral changes were inconsist-
ent with the chlorination of the pentanedione 
ring [8]. Concentrations of Co(acac)g and 
Co(acach could be calculated from the extinction 
coefficients at 328 nm (Table I), and the sum of 
the two was within 2% of the starting concen-
tration up to approximately 40% loss of reactant. 
The initial rate of reaction of a 2 x 10-4 M 
solution of [Co(acach] in chloroform was 
determined over a wide range of irradiation 
intensities. The dependence of the initial rate on 
/ 0 was linear (R 2 0.97), implying a linear 
dependence likewise on the . fraction of light 
absorbed, whether fR or fs, The slope, 21.0 ± 
0.8, corresponds to a quantum yield of 
0.065 mol einstein - 1, based on total light 
absorbed. 
The change in concentration of [Co(acac)s] 
with irradiation time for several different starting 
concentrations, at constant light intensity, is 
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FIGURE 1 Sequential spectra from the 254 nm irradiation of 
Co(acach in chloroform; time is in minutes. 
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FIGURE 2 Change in concentration of several solutions of 
Co(acach in CH03 with irradiation time. A straight line was 
fit to the data from each run; Aexc = 254 nm, lo = 6 X 
10-9 einsteins-1. 
shown in Fig. 2. In nearly every case the 
concentration change could be reasonably well 
fit by a straight line. In some cases there was a 
slight induction period. Though the slopes show 
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some variation, there is no apparent dependence 
on concentration. The variability could concei-
vably be due to fluctuations in light intensity 
between actinometric measurements, although 
those measurements indicated little change in 
intensity over periods of 2 or 3 h. 
A zero order reaction can occur in two ways 
[7]. Zero order behavior is a classical result of a 
metal-initiated photoreaction in optically dense 
solutions. The reaction rate is equal to I0[Rq,, but 
fR would be nearly 1.0 at each concentration 
studied, and would remain near 1.0 through a 
major portion of the reaction (see Eq. (1)). This 
would also require that, compared to the 
reactant, the product has a negligible absor-
bance at the irradiation wavelength. Though a 
metal-initiated process may be operating in the 
photolysis of [Co(acac)3], it cannot fully explain 
the data. At the lowest starting concentration in 
Fig. 2, 1.3 X 10-5 M, fR at 254 nm was 0.56 at the 
outset and 0.40 at the last point recorded. Most 
of the other solutions represented in Fig. 2 
experienced significant declines in the fraction 
of light absorbed by the reactant during the 
measured course of the reaction. If the reaction 
were solely metal-centered, the lines in Fig. 2 
would be concave, and the initial slopes would 
decrease from top to bottom. 
To shed more light on this, initial rates of 
reaction were determined from plots like Fig. 2, 
but over a wider range of initial concentrations 
and a smaller extent of reaction. The results are 
displayed in Fig. 3 as a plot of initial rate as a 
function of the starting concentration of 
[Co(acac)3]. The rates show considerable scatter, 
but do reveal that at initial concentrations 
smaller than those displayed in Fig. 2 the 
reaction rate does eventually decline. 
The initial rate would be expected to vary 
linearly with fR if the reaction were a normal 
metal-centered reaction, with an intercept of 
zero. Plots of initial rate against neither fR nor fs 
could be fit well by a straight line passing 
through the origin. The slope of the fR plot was 
positive, while that for fs was negative, from 
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FIGURE 3 Initial rate of disappearance of Co(acac)s in 
CH4 under 254 nm irradiation as a function of reactant 
concentration. The line shows the function af R + bf s for a = 
7.5 x 10-9 andb = 3.0 X 10-8 Ms-1.10 = 4 x 10-9 einsteins-1. 
Error bars represent one standard deviation in each direction 
from the mean. 
which we conclude that a metal-initiated process 
predominates. The apparent positive intercept of 
the rate vs. fR plot suggests that a solvent-
initiated mechanism also operates, and contrib-
utes significantly to the rate when the reactant 
concentration is very low. We have observed rate 
dependence in other systems that could be 
expressed as a linear combination of fR and fs, 
implying that a plot of rate/ fs as a function of 
fRlfs should be linear. Dividing by fs is preferable 
to dividing by fRJ because / 5 has a smaller range 
of values and puts a smaller bias on the implied 
relationship. This plot is shown in Fig. 4. The 
slope, 7.4(±0.4) x 10-9 Ms-1 , corresponds to a in 
the relation 
d[RJ 
dt afR + bfs (3) 
The intercept, 3.3 (±0.4) X 10-8 Ms-1 , corre-
sponds to b. 
Thus the reaction appears to occur through 
both a metal-initiated and a solvent-initiated 
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FIGURE 4 Initial rate of disappearance of Co(acac)s in 
CHCls under 254nm irradiation, plotted as (Rate/fs) vs.JR/ls 
to demonstrate fit to the function afR + bfs. The best-fit 
straight line yields a 7.2(±0.3) X 10-9 and b = 3.2(±0.3) X 
10-8 Ms-1 , R 2 = 0.99. Io= 4 x 10-9 einsteins-1 . 
pathway. Although the coefficient for the 
solvent-initiated path is four times larger, the 
reaction was still predominantly metal-initiated 
under the conditions surveyed, because of the 
greater fraction of light absorbed by the metal 
complex. At low [Co(acach] concentrations the 
fraction of light absorbed by the solvent is higher 
and the solvent-initiated pathway more signifi-
cant. Because of this, the apparent zero order 
behavior seen in Fig. 2 is maintained even when 
the rate of the metal-initiated reaction declines at 
lower optical densities. 
Photolysis of [ Co(acachl 
Figure 5 shows sequential spectra from the 
photolysis of [Co(acac)z] in CHC13• Isosbestic 
points are evident at 279.5 and 327nm. The 
absorption spectra during photolysis could be 
well represented by assuming a decomposition 
to CoC12 and Hacac. Exhaustive photolysis 
yielded a visible spectrum that matched that of 
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FIGURE 5 Sequential spectra from the 254nm irradiation of 
Co(acac)2 in chloroform; time is in minutes. 
anhydrous CoC12 dissolved in chloroform. 
Co(acac)z also reacted thermally to yield Hacac 
at a rate 5-10% of the photoreaction rate with the 
experimental parameters used in this study. 
Traces of water accelerated the thermal reaction. 
The initial rate of reaction of a 2.3 X 10-4 M 
solution of Co(acac)z in CHCls under 254nm 
irradiation was measured as a function of 
incident light intensity. No single-term function 
fit the data over the enfue range of intensities 
studied. At higher intensities, a linear relation-
ship between rate and intensity fit well, but at 
lower power, the rate appeared to vary directly 
with the square root of the intensity. Figure 6 
shows a plot of the initial decomposition rate of 
Co(acac)z as a function of 1~12• The line passing 
through the points is the best fit to the expression 
a/0 + bI~12• The apparent quantum yield within 
this range varied from 2.3 at the highest intensity 
to 16 at the lowest, based on total light absorbed. 
In contrast to the behavior of Co(acach under 
254 nm irradiation, shown in Fig. 2, the rate of 
disappearance of Co(acac)z was found to 
decrease with time during the reaction. In fact, 
the kinetics fit a first-order expression quite well, 
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FIGURE 6 Initial rate of disappearance of a 2.3 x 10-4 M 
chloroform solution of Co(acach as a function of the square 
root of the incident light intensity (254 run). The solid line 
represents the best fit to the function alt+ blo; R2 0.98. 
as seen in Fig. 7, except at low residual 
concentrations of Co(acac)2. There are circum-
stances under which one may expect first order 
photochemical behavior, for example when 
irradiating near an isosbestic point, or in 
optically dilute solutions [7]. However, neither 
of these apply to this system in the concen-
trations used for Fig. 7. 
The initial rate of reaction was measured for 
a range of concentrations of Co(acach at 
constant light intensity. A reasonable fit (Fig. 8) 
to the function JR was obtained, from which one 
might surmise that this reaction too is mainly 
metal-centered. However, a plot (Fig. 9) of 
instantaneous rates during the three reactions 
depicted in Fig. 7 against fR shows a nearly 
linear variation of the rate with fR for each 
sample, but the three experiments are clearly 
distinct, and the slope of the line decreases with 
increasing initial concentration of Co(acach, 
whereas they should be the same if the reaction 
were a normal metal-initiated photoprocess. In 
Fig. 9 the reactions begin at the right, and 
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FIGURE 7 Change in concentration of three solutions of 
Co(acach in CHq~ with irradiation time. A straight line was 
fit to the data from each run; Aexc 254rnn, Io 2 X 
10-10 einstein s-1 . 
looking at the highest points on the graph, the 
initial rates are seen to increase with increasing 
initial concentration, even though the rates 
during most of the reaction are inversely 
related to R0• 
An apparent inverse relationship between 
initial concentration and subsequent reaction 
rate is sometimes a characteristic of solvent-
initiated reactions [3-7]. Irradiation of CH Ch 
yields ·ccis and HCl as reactive species, as well 
as CChOO- and CC1300H in the presence of 
oxygen [9-11]. When anhydrous HCl was 
bubbled into chloroform solutions of Co(acach, 
a reaction spectrophotometrically identical to the 
photoreaction occurred. When neat chloroform 
was irradiated for 10 min, producing a quantity 
of CC1300H as well as HCl, the same reaction 
also occurred when Co(acach was added in the 
dark. Irradiation of CC14 solutions of Co(acach 
caused a reaction quite similar to that in 
chloroform. Deoxygenation of chloroform sol-
utions of Co(acach by bubbling nitrogen through 
the cuvette prior to irradiation appeared to 
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increase the rate of reaction by as much as a 
factor of two; however, this effect may be due to 
the absorption of moisture, which also acceler-
ated the reaction. 
Co(acach in CHCh was also irradiated at 
313nm. The ensuing reaction was experimen-
tally indistinguishable from that of the thermal 
reaction. 
DISCUSSION 
Co(acach 
The metal-initiated photolysis is consistent with 
photodissociation to yield pentanedionyl rad-
icals, as proposed by Filipescu and Way [1], and 
by Gafney and Lintvedt for other pentanedione 
complexes (12-14]. 
Co(acac);-+Co(acac)z + acac (4) 
Experimentally, most of the . pentanedionyl 
radicals proceed to form pentanedione, presum-
co 
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FIGURE 9 Instantaneous reaction rates during three 
separate photolyses of Co(acach in CHCh at 254nm, 
plotted against the average fraction of light absorbed b{ 
Co(acach during the time interval. lo 2 X 10-10 einsteins- . 
ably by abstracting hydrogen from the solvent, as 
evidenced by the appearance of the characteristic 
Hacac peak at 275 nm, and the approximately 1:1 
ratio of Hacac to Co(acach deduced from photo-
lysate spectra. This is somewhat problematic to 
explain, since the 0-H bond energy in the 
predominant enol form of pentanedione is 
estimated to be weaker (368 ± 25kJmo1-1 [15]) 
thantheC-Hbondinchloroform(400±4kJmol-J 
[16]) or the H-Cl bond (432kJ mol-1 [17]). The 
C-H bond in the keto form of pentanedione is 
estimated to be still weaker [18]. Since these data 
refer to the gas phase, there may be solvation 
effects that make hydrogen abstraction feasible, or 
it may occur from an intermediate pentanedione 
geometry [19]. 
The minor solvent-initiated pathway that 
occurs in CHCls, but not in non-halogenated 
solvents [l], may involve acid-assisted thermal 
release of Hacac, making use of photochemically 
generated HCI. However, it may also involve 
chlorination and dechlorination steps, and the 
evidence is insufficient even to speculate. 
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Co(acac)2 
Qualitative experiments indicate that HCl can 
convert Co(acac)z to CoCh, which need not mean 
that this process is competitive during irradiation. 
The reaction of Co(acac)z with preirradiated 
chloroform can probably also be ascribed to 
HCl. CCbOOH may act as a chlorinating agent 
too, but the increase in rate when 0 2 is removed 
argues that it is not competitive. In CC14 under 
irradiation, er or ·ccb, or most probably both, 
appear to chlorinate Co(acac)z. 
In CHCb, irradiation yields trichloromethyl 
radicals by hydrogen abstraction [11,20]. 
CHCb .!:!:.c1· + ·CHCh (5) 
Cl·+ CHCb~HCl + ·CCb (6) 
·CHCh + CHCb ~CH2Ch + ·CCb (7) 
If chlorination by ·ccl3 takes place, displace-
ment of 2,4-pentanedionyl radicals should lead 
to a reaction chain, which can account for the 
observed high quantum yields. 
Co(acach + ·CCb~Co(acac)Cl + acac·+: CCh (8) 
Co(acac)Cl + ·CCb~CoCh + acac·+: CCh (9) 
k3 
acac· + CHCb-+Hacac + ·CCb (10) 
Again, the evidence for Eq. (10) is that 
pentanedione, identified spectrophotometrically, 
was the product formed, and it replaced 
Co(acac)z in the expected 2:1 ratio. 
The kinetically important chain termination 
step will be the dimerization of the trichloro-
methyl radicals. 
2·CCb ~C2Cl6 (11) 
Substitution by HCl adds another possible 
path to the intermediate. 
ks Co(acach + HCl-+Co(acac)Cl + Hacac (12) 
The inverse dependence of the rate on the 
initial concentration, despite a nearly direct 
dependence during the course of the reaction, 
suggests that there is a step in which a product 
can divert the intermediate, possibly the reverse 
of the acid-base reaction above. 
Hacac + Co(acac)Cl~Co(acach + HCl (13) 
The rate of the initiation step, Eq. (5), is lofs</>s/V, 
where <f>s is the quantum yield for the C-Cl 
homolysis in chloroform and V is the solution 
volume. With the steady state approximation for 
HCl, Co(acac)Cl, and all radicals, the reaction 
rate for the steps outlined above may be 
expressed as 
The concentration of pentanedione may be 
written as 2([R]o-[R]). From the steady state 
conditions, [CCb] = {Iafs</>s/k4 V} 112, and thus 
the trial rate law may be written as 
d[R] (Iofs<l>s/V) + k1 [R](Iofs<l>s/k4 V)1/2 
dt 1 + (2Ls([R]o - [R])/k2(Iofs<l>s/k4 V))112 
(15) 
This suggests, after inverting both sides, that a 
plot of (als + blt[R])/(-d[R]/dt) vs. ([R]o -
[R])/1}12 would yield a straight line for optimized 
coefficients a and b. Such a plot, with the 
instantaneous rate data from Fig. 9, is shown in 
Fig. 10. This yields a reasonable straight line, 
considering the unavoidable uncertainties in 
instantaneous rates (from the small differences 
in concentrations), and the data from the three 
separate experiments cannot be distinguished. 
In the early stages of irradiation it may be 
assumed that [R] = [R]o, and Eq. (15) reduces to 
_ d[R] = lofs</>s + k1[R] (lofs</>s) 112 (l6) 
dt V kt k4V 
Dividing both sides by ls, Eq. (16) suggests that 
a plot of initial rates divided by ls as a function of 
[R]/lt would be linear. Figure 11 shows such a 
plot, from the data used for Fig. 8. It is in fact 
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FIGURE 10 Instantaneous reaction rates during three 
separate photolyses of Co(acac)z in CHCh at 254run, 
plotted to illustrate the relationship in Eq. (15). R 2 for the 
best-fit straight line is 0.73. Constants used for the function 
(af8+b/s12 [R ])/Rate were a 4.15 X 10-7 Ms-1, b 5.5 X 
10-3 s - 1 . The slope of the best-fit line yields c = 2.6 x 10'3. 
reasonably linear (R 2 = 0.93), although the 
intercept is within a standard deviation of the 
origin. The first term in Eq. (16) represents 
formation of Co(acac)Cl through attack by HCl, 
and the second term represents formation of the 
same species through attack by trichloromethyl 
radicals in a chain process. The small value for 
the first term may indicate that the radical 
pathway dominates. However, as the reaction 
progresses, the second term inevitably becomes 
smaller, and the values used to optimize the 
graph in Fig. 10 predict that the first term is 
significant from at least the halfway point for the 
range of concentrations examined. 
If Eq. (15) is in fact valid, it helps to explain 
several observations already noted. The actino-
metric results showed a dependence of the initial 
rates on both / 0 and /~12. Equation (16) predicts 
exactly this dependence, which should then, 
according to Eq. (15), grow more complex as the 
reaction progresses, and develop a leading term 
proportional to I;'. 
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FIGURE 11 Initial rate of disappearance of Co(acac)z in 
CHC~ under 254 run irradiation, plotted to illustrate the 
relationship in Eq. (16). R 2 for the best-fit straight line is 0.93. 
The slope and intercept are m = 2.9( ±0.3) x 10-3 and b 
1.3(±1.6) X 10-7 M-1 . 
The second observation was the first-order 
kinetic behavior for a substantial portion of the 
reaction. The fraction of light absorbed by the 
solvent varies rather slowly with concentration 
during exposure to light, because the extinction 
coefficients of reactant and product do not differ 
greatly. Equation (15) may be approximated by 
(a/Ro) + b(l - x) 
1 + cRox 
(17) 
where Ro is the initial concentration of Co(acach, 
and x is the fraction reacted. Without the a and c 
terms, the reaction would be first-order. The a 
term causes the reaction to be faster than first 
order, while the c term causes it to be slower. At 
low initial concentrations, the effect of the a term 
will predominate and, as can be seen in the 
bottom curves in Fig. 9, eventually accelerate the 
reaction beyond first order. At the concentration 
of the upper curve in Fig. 9, the two effects nearly 
balance, and the reaction is close to first order 
over a significant fraction of reactant consumed. 
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Thirdly, the increase in initial rate with 
increasing concentration follows from Eq. (16), 
in which the dominant second term has a net Rt 
dependence from theft Ro portion, sincefs (Eq. 
(2)), is approximately proportional to Rii 1• 
Finally, the inverse dependence of the rate 
during the reaction on initial concentration follows 
in part from the inverse dependence on R0 of the a 
and c terms in Eq. (17), the latter not contributing to 
the initial rate, and additionally through the 
inverse dependence of the fraction of light 
absorbed by the solvent on the initial concen-
tration. The latter introduces a dependence of the 
reaction rate on R0n, with n as high as 3/2. 
The mechanism illustrated is, of course, just 
one possibility, but it demonstrates the essential 
features that must be present to explain the 
seemingly discordant results. 
CONCLUSION 
In nonhalogenated solvents, irradiation of several 
pentanedionate complexes has previously been 
shown to follow metal-initiated kinetics [12-14], 
eventually leading to complete reduction to the 
metal. In CHCls we classify the photolysis of 
Co(acach at 254nm, leading to the product CoClz, 
as solvent-initiated, while the photolysis of 
Co(acach to yield Co(acach is primarily metal-
initiated. The most convincing evidence for 
solvent-initiation comes from the high quantum 
yields for the Co(acach photolysis, which imply 
that a chain reaction takes place. Quantum yields 
as high as 16 based on total light absorbed translate 
to 20-150 based on the light absorbed by the 
solvent, under the experimental conditions stu-
died. Also important is the inverse relationship 
between the slope of the graph of instantaneous 
rate vs. fR and the initial reactant concentration. 
The lack of photoreactivity under 313 nm 
irradiation is consistent with the identification of 
chloroform as the photoreactive species. 
The mechanism outlined in Eqs. (5)-(13), 
based on displacement of pentadionyl by 
trichloromethyl radicals, leads to an equation 
that fits both instantaneous and initial rate data. 
The instantaneous rates are particularly reveal-
ing, because with an incorrect rate law, data from 
separate experiments tend not to fall on the same 
curve (as in Fig. 9). Both Eq. (3) for Co(acach and 
Eq. (15) for Co(acach lead to plots in which the 
instantaneous rates from all experiments fall on 
the same straight line, although this is a trivial 
observation for Co(acach, since the reaction rate 
varied scarcely at all with concentration. 
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